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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain

inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter

acre 0.4048 hectare
square mile (mi2) 2.590 square kilometer

million cubic feet (Mft3) 0.02832 million cubic meters
pound (Ib) 453.6 gram

f\ f\

pounds per square mile (Ib/mi ) 0.17573 kilograms per square kilometer (kg/km )
ton (short) 0.9072 megagram (mg)

ton per square mile (ton/mi2) 0.303 megagram per square kilometer (m,T/km2)

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical 
concentration is given in milligrams per liter (mg/L) or micrograms per liter (pg/L). Milligrams per liter is a unit expressing the concentration 
of chemical constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograns per liter is 
equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentrations in parts 
per million. Other units of measurement used in this report are microsiemens per centimeter at 25° Celsius (p.S/cm).

IV Conversion Factors and Abbreviated Water-Quality Units
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Abstract

The objective of the watershed-management 
evaluation monitoring program in Wisconsin is to 
evaluate the effectiveness of best-management 
practices (BMP) for controlling nonpoint-source 
contamination in rural and urban watersheds. This 
report is an annual summary of the data collected 
for the program by the U.S Geological Survey and 
a report of the results of several different detailed 
analyses of the data.

A land-use and BMP inventory is ongoing for 
12 evaluation monitoring projects to track the 
sources of nonpoint-source pollution in each water 
shed and to document implementation of BMP's 
that may cause changes in the water quality of 
streams. Updated information is gathered each 
year, mapped, and stored in a geographic-informa 
tion-system data base. Summaries of data collected 
during water years 1989-94 are presented. A water 
year is the period beginning October 1 and ending 
September 30; the water year is designated by the 
calendar year in which it ends.

Suspended-sediment and total-phosphorus 
data (storm loads and annual loads) are summa 
rized for eight rural sites. For all sites, the annual 
suspended-sediment or suspended-solids load for

water year 1993 exceeded the average for the 
period of data collection; the minimum annual 
loads were transported in water year 1991 cr 1992.

Continuous dissolved-oxygen data were col 
lected at seven rural sites during water year 1994. 
Data for water years 1990-93 are summarized and 
plotted in terms of percentage of time that 2 partic 
ular concentration is equaled or exceeded. Dis 
solved-oxygen concentrations in four streams were 
less than 9 mg/L at least 50 percent of the t ; me, a 
condition that fails to meet suggested criterion for 
coldwater streams. The dissolved-oxygen proba 
bility curve for one of the coldwater streams is 
markedly different than the curves for the other 
streams, perhaps because of differences in aquatic 
biomass.

Blank quality-assurance samples were col 
lected at two of the urban evaluation monitoring 
sites to isolate contamination in the sample bottle, 
the automatic sampler and splitter, and the filtration 
system. Significant contamination caused exces 
sive concentrations of dissolved chloride, alkalin 
ity, and biochemical oxygen demand. The level of 
contamination may be large enough to affect data 
for water samples in which these analytes are 
present at low concentration. Further investigation
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is being done to determine the source of contami 
nation and take measures to minimize its effect on 
the sampling.

A preliminary regression analysis was done 
for the rural sites using data collected during water 
years 1989-93. Loads of suspended solids and total 
phosphorus in stormflow were regressed against 
various precipitation-related measures. The results 
indicate that, for most sites, changes in constituent 
load on the order of 40 to 50 percent could be 
detected with a statistical test. For two sites, the 
change would have to be 60 to 70 percent to be 
detected.

A detailed comparison of snowmelt runoff and 
rainfall stormflow in urban and rural areas was 
done using data collected during water years 1985- 
93. For the rural sites where statistically significant 
differences were found between constituent loads 
in snowmelt and storm runoff, the loads of sus 
pended solids and total phosphorus in snowmelt 
runoff were greater than those in storm runoff. For 
the urban sites where statistically significant differ 
ences were found between snowmelt and storm 
runoff, the loads of suspended solids and total 
phosphorus in storm runoff were greater than those 
in snowmelt runoff. The importance of including 
snowmelt runoff in designing and analyzing the 
effects of BMP's on streamwater quality, particu 
larly in rural areas, is emphasized by these results.

INTRODUCTION

In October 1989, the U.S. Geological Survey 
(USGS) began a watershed-management evalua 
tion-monitoring program in cooperation with the 
Wisconsin Department of Natural Resources 
(WDNR). The overall objective of the 12 individual 
projects in the program is to determine whether the 
water quality of a receiving stream has improved 
as a result of the implementation of land-manage 
ment practices in a watershed. This determination 
is made through monitoring of water chemistry and 
ancillary variables before best-management prac 
tices (BMP's) are implemented, during implemen 
tation, and after BMP's have been completely 
implemented. The period before BMP implementa

tion is termed "pre-BMP," the period during active 
implementation is termed "transitional," and the 
period after complete implementation is termed 
"post-BMP."

The county Land Conservation Departments 
(LCD's) and the WDNR have identified sources of 
nonpoint pollution in the eight rural watersheds. 
This information was used to select site? that are 
eligible for partial funding of BMP implementation. 
The LCD's are in the process of contacting land 
owners to request that they implement the appro 
priate BMP's for streamwater-quality inmrove- 
ment. This BMP implementation is a voluntary pro 
gram and, therefore, may result in varied success, 
depending largely upon the amount of land 
treated.

For the four urban watersheds, the WDNR 
and each city have identified sources of nonpoint 
pollution. Goals for reduction of nonpoint-source 
pollution have been set, but specific plans identify 
ing the types and locations of BMP's needed to 
achieve these goals have not been defined.

Eight rural and four urban sites were selected 
jointly by WDNR and USGS for detailed evaluation 
monitoring. Among the criteria for site selection 
were likelihood for extensive BMP implementation, 
relatively small watershed size (less than 50 mi2), 
and feasibility of accurate stream gaging. An addi 
tional stream was selected for a detailed analysis 
of dissolved oxygen along a river reach. Locations 
of the sites are shown in figure 1, and a brief sum 
mary of site characteristics is given in tc ble 1.

This report, the third in a series of annual 
progress reports, is divided into five sections. The 
following topics are addressed: (1) land-use and 
best-management-practices inventory, including a 
discussion of data-collection efforts and the status 
of BMP implementation; (2) streamwater-quality 
data, including a discussion of data-colhction 
efforts during water year 1994, a comprrison of 
annual loads for the rural sites, and a discussion of 
dissolved-oxygen data collection; (3) urban quality 
assurance and quality control, including an analy 
sis of blank samples collected to examine for con 
tamination of inorganic constituents; (4) rural load 
regression analysis, including a brief discussion of 
the statistical approach for trend detection and pre-

2 Evaluation of Nonpoint-Source Contamination, Wisconsin: Land-Use and Best-Management-Practices Inventory, Selected Streamwat ̂ -Quality Data, 
Urban-Watershed Quality Assurance and Quality Control, Constituent Loads In Rural Streams, and Snowmelt-Runoff Analysis, Wate* Year 1994
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Figure 1. Locations of rural and urban sites in the Wisconsin watershed-management 
evaluation monitoring program, water year 1994.

sentation and discussion of preliminary pre-BMP 
regressions for the rural sites; and (5) snowmelt 
runoff analysis, including a comparison of loads 
and event-mean concentrations for snowmelt and 
storm runoff for rural and urban watersheds. For 
sections presenting ongoing data-collection 
efforts, data collected during water year 1994 
(October 1993 through September 1994) are sum 
marized and, if appropriate, implications for future 
data-collection efforts are discussed.

LAND-USE AND BEST-MANAGEMENT- 
PRACTICES INVENTORY

The Land-Use Program was started in 1992 to 
provide information on the effects of land-use 
changes on water quality. A detailed description of 
the program is given in Corsi and others (1994). 
The geographic information system (GIS) data

base used for the land-use and BMP inventory was 
developed by the USGS in cooperation with the 
WDNR using ARC/INFO 1 software.

The evaluation-monitoring program started 
tracking BMP's using GIS in 1992. Basin outlines, 
hydrography, roads, stream and rain gage?, 
BMP's, and forests were digitized at the scale of 
1:24,000 from topographic maps. Field coverages 
were digitized from aerial photos. Field coverages 
have been completed for Waumadee, Ottor, and 
Rattlesnake watersheds at approximate scales of 
1:600. The amount of sediment and phosphorus 
reaching the streams will be estimated using a 
land-use management model. The model will 
incorporate information from the field, elevation,

1 Use of trade names in the report is for identifica 
tion purposes only and does not constitute endorse 
ment by the U.S. Geological Survey.
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Table 1. Site name, data collection period, site type, and data collected for sites in the Wisconsin evaluation- 
monitoring program 
[years are water years;   indicates management implementation has not begun]

Site name
Pre-BMP 

period
Transitional 

period Site type Data collected

Dissolved oxygen and 
water temperature

Dissolved oxygen and 
water temperature

Dissolved oxygen and 
water temperature
Water chemistry 1 
Water chemistry2 
Water chemistry

r\

Water chemistry and 
dissolved oxygen
Water chemistry 1

Water chemistry 1 and 
dissolved oxygen
Water chemistry 1 
Water chemistry 1 
Water chemistry

Water chemistry

Water chemistry 1 and 
dissolved oxygen

Water chemistry 1 and 
dissolved oxygen

Black Earth Creek at 1985-86 1990-94 Rural 
County Trunk P

Black Earth Creek at 1985-86 1990-94 Rural 
Mills Street

Black Earth Creek at 1985-86 1990-94 Rural 
South Valley Road

Bower Creek 1991-92 1993-94 Rural
Brewery Creek 1985-86 1990-94 Rural
Eagle Creek 1990-91 1992-94 Rural
Garfoot Creek 1985-86 1990-94 Rural

Joos Valley Creek 1990-91 1992-94 Rural 
Kuenster Creek 1993-94 - Rural

Lincoln Creek 1993-94 - Urban 
Menomonee River 1991-94 - Urban
Monroe Street detention 1991-94 - Urban 

pond inlet
Nine Springs Creek 1991-94 -- Urban 

tributary storm sewer
Otter Creek 1991-92 1993-94 Rural 

Rattlesnake Creek 1992-94 - Rural

Samples analyzed for 
Samples analyzed for

suspended solids, total phosphorus, and ammonia nitrogen, 
suspended sediment, total phosphorus, and ammonia nitrogen.

and hydrologic-unit coverages. The model results 
will be used to verify the need for BMP's within the 
monitored watersheds. The comparison between 
the BMP's being installed and those needed will 
help in the evaluation of water quality.

Data Collection

ARC/INFO coverages of BMP's are updated 
annually if BMP's are either contracted or installed. 
The information is obtained from the local Land 
Conservation Department. Streambanks were

inventoried in the summer of 1994. The height and 
length of the streambank and the recession rate 
were used to estimate sediment loading from a 
particular streambank. The sediment leads and 
location of the eroded sites are current'y being 
added to the data base.

Best-Management-Practice Status

Eligible, contracted, and installed PMP's for 
the evaluation-monitoring watersheds are summa 
rized in table 2. Animal-waste management prac-

Evaluation of Nonpoint-Source Contamination, Wisconsin: Land-Use and Best-Management-Practices Inventory, Selected Streamwa^r-Quality Data, 
Urban-Watershed Quality Assurance and Quality Control, Constituent Loads In Rural Streams, and Snowmelt-Runoff Analysis, Wat-"- Year 1994
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tices are installed to control phosphorus loads in 
runoff. These improvements restructure the barn 
yard and (or) contain manure to reduce the amount 
of organic matter reaching the stream. Stream- 
bank-protection practices are designed to control 
erosion from the banks. These practices usually 
limit the access of animals to the streambank. 
Upland sediment-control practices are designed to 
control the amount of manure and sediment trans 
ported from steeply sloping lands. All planning is 
done by local Land Conservation Department staff; 
the practices must be installed within 5 years of the 
signup date.

Monitoring Activities in Water Year 1995

The following land-use and BMP-monitoring 
activities are planned for water year 1995:

1. Update all pertinent land-use data in the GIS 
data base. The data base will provide the infor 
mation necessary to create land-use maps and 
to generate sediment and phosphorus loads 
from the land-use management model.

2. Publish a summary of (a) land-use changes in 
the watersheds, incorporating the original eval 
uation-monitoring watershed inventories, and 
(b) progress of each Land Conservation 
Department in implementing BMP's. A U.S. 
Geological Survey Open-File Report is the 
expected outlet.

3. Produce a manual on updating and maintain 
ing the land-use inventory.

4. Complete an inventory of crops and gully ero 
sion in each watershed.

SELECTED STREAMWATER- 
QUALITY DATA

Streamwater-quality data that have been col 
lected are summarized in four parts. The first part 
discusses the availability of water-quality data. 
Second, constituent loads in stormflow are sum 
marized for the period of record at each rural eval 
uation-monitoring site (table 1). This summary 
includes the number of constituent loads com 
puted at all rural evaluation-monitoring sites. The 
third part summarizes constituent loads and yields

calculated at the rural evaluation-moni*oring sites 
for their specific period of record. The fourth part 
summarizes dissolved-oxygen data.

Availability of Water-Quality Data

Daily water-quality loads for selected constitu 
ents and discrete concentration data fcr the sam 
ples used to calculate these loads are published in 
"Water Resources Data-Wisconsin" fo- water 
years 1985-86,1989-90,1991-93 (Holnstrom and 
others, 1986-87; Holmstrom and Erickron, 1989; 
Holmstrom and others 1990-91, 1992-93). Maxi 
mum, minimum, and means of dissolved-oxygen 
concentrations and water temperaturer also are 
published in "Water Resources Data-Wisconsin." 
The data for water year 1994 are to be published 
in "Water Resource Data-Wisconsin, 1994." Con 
stituent loads for stormflow periods for water year 
1994 are to be published in the 1995 annual 
progress report on the evaluation monitoring pro 
gram. Data are available by request frcm the 
USGS office in Madison, Wis.

Constituent Loads in Stormflow

Water-quality monitoring continued in water 
year 1994 with sampling during the bas^-flow and 
stormflow periods at the eight rural evaluation 
monitoring sites (fig. 1). The instantaneous water- 
quality data were used in conjunction with continu 
ous streamflow data to estimate total constituent 
loads for stormflow periods. Suspended-sediment 
or suspended-solids, total-phosphorus, and 
ammonia-nitrogen loads were computed at the 
eight rural evaluation monitoring sites. For Brew 
ery and Garfoot Creeks, suspended sediment is 
used to be consistent with pre-BMP data collected 
in a previous study; for all other sites, suspended 
solids is used. Ammonia-nitrogen loadr were not 
computed for sites on Otter and Bower Creeks. 
The storm-load data will be used to evaluate the 
effect of BMP's on streamwater quality. Previous 
research (Walker, 1994) has shown that minimum 
detectable change reaches a minimum at roughly 
40 total storms; this corresponds to 20 pre-BMP 
and 20 post-BMP storms for a balanced data col 
lection. The number of storms for the period of 
record for which loads were calculated at rural 
evaluation monitoring sites is shown in figure 2.

Evaluation of Nonpoint-Source Contamination, Wisconsin: Land-Use and Best-Management-Practices Inventory, Selected Streamwa'er-Quality Data, 
Urban-Watershed Quality Assurance and Quality Control, Constituent Loads in Rural Streams, and Snowmelt-Runoff Analysis, Watur Year 1994
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Loads for a sufficient number of storms are proba 
bly available for the pre-BMP implementation 
period at five of the sites; at the other three sites, 
BMP implementation has begun, hence collection 
of additional pre-BMP data is not possible.

Annual Constituent Loads

Annual loads of suspended sediment or sus 
pended solids and total phosphorus and corre 
sponding yields of these constituents were 
determined at each of the eight rural evaluation 
monitoring sites (fig. 1) for the entire period of data 
collection (table 3).

Streamflow for water year 1993 was greater 
than the 5-year mean at Brewery and Garfoot 
Creeks; total streamflow at Brewery Creek was

about 200 percent above the 5-year mean, and 
total streamflow at Garfoot Creek was about 165 
percent above the 5-year mean.

Statewide precipitation in water year 1993 
was about 120 percent above the 1961-90 aver 
age (Holmstrom and others, 1993). Streamflow 
statewide was also above normal and ranged from 
99 percent of normal in north-central Wisconsin to 
about 270 percent above normal in southwestern 
Wisconsin (Holmstrom and others, 1993). Stream- 
flow where the evaluation monitoring sites are 
located ranged from 160 to 240 percent above 
normal (Holmstrom and others, 1993).

At the evaluation monitoring sites, the highest 
loads and yields of suspended sediment or sus 
pended solids were transported in water year 
1993. The suspended-sediment load at Brewery

Selected Streamwater-Quality Data 7
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Creek in water year 1993 was about 300 percent 
above the 5-year mean of 855 tons (table 3). At 
Garfoot Creek, suspended-sediment loads in 
water year 1993 were about 200 percent above the 
5-year mean of 490 tons. At all the remaining sites, 
suspended-solids loads for the 1993 water year 
were greater than the means for their data-collec 
tion periods, ranging from 130 to 250 percent 
above mean loads (table 3). The minimum loads 
for suspended sediment and (or) suspended solids 
were transported in either water year 1991 or 
1992. At Brewery Creek, the suspended-sediment 
load for water year 1991 was 45.3 tons, about 5 
percent of the 5-year mean of 855 tons. In water 
year 1991, the suspended-solids load at Bower 
Creek was 718 tons, about 16 percent of the 3- 
year mean of 4,430 tons.

Total-phosphorus loads and yields also were 
highest in water year 1993 at the eight rural evalu 
ation-monitoring sites (table 3). The maximum load 
of 156,000 Ib was at Rattlesnake Creek during 
water year 1993; the corresponding yield was 
3,670 Ib/mi2 . The total-phosphorus loads and 
yields vary with suspended-sediment and sus 
pended-solids loads because phosphorus sorbs to 
sediment particles. Total-phosphorus load at Brew 
ery Creek in water year 1993 was about 250 per 
cent greater (10,700 Ib) than the 5-year mean of 
4,410 Ib (table 3). Total-phosphorus load at Gar- 
foot Creek (7,080 Ib) was 200 percent greater than 
the 5-year mean of 3,460 Ib (table 3). Similar 
trends were noted for the other sites; total-phos 
phorus load at Joos Valley Creek was 140 percent 
greater than the mean load, and total-phosphorus 
load at Bower Creek was about 170 percent 
greater than the mean load for the years moni 
tored.

Dissolved Oxygen

Dissolved oxygen is an essential element for 
aquatic life. Dissolved-oxygen concentrations may 
be depleted by processes that consume dissolved, 
suspended, or precipitative organic matter (Hem, 
1985). Aquatic macrophytes consume oxygen by 
respiration at night and produce oxygen by photo 
synthesis during the day. Dissolved-oxygen 
requirements differ from species to species, life 
stages, and life processes. The State of Wisconsin

water-quality standard for warmwater s*reams 
(maximum water temperature greater than 24°C) is 
5 mg/L; the standard for coldwater streams (maxi 
mum water temperature less than 24°C) is 6 mg/L. 
Another approach to setting standards ir to specify 
a concentration that is equaled or exceeded for 
specified durations during the year. For warmwater 
streams, reasonable criteria are 5 mg/L for 50 per 
cent of the time and 2 mg/L for 5 percent of the 
time. For coldwater streams, reasonable criteria 
are 9 mg/L for 50 percent of the time and 5 mg/L 
for 5 percent of the time (Alabaster and Lloyd, 
1982).

Continuous dissolved-oxygen (DO) concen 
tration data were collected at seven monitoring 
sites: Garfoot Creek, Black Earth Creek at County 
Trunk P, Black Earth Creek at Mills Street, Black 
Earth Creek at South Valley Road, Otte- Creek, 
Rattlesnake Creek, and Kuenster Creel'. Dis 
solved-oxygen concentration data was collected 
from May 1 through September 30.

Maximum, minimum, and mean dissolved- 
oxygen concentrations for each of the monitoring 
sites for water years 1990, 1991, 1992 and 1993 
were published previously (Graczyk and others, 
1993; Corsi and others, 1994). The marimum dis 
solved-oxygen concentration at the evaluation 
monitoring sites was 19.9 mg/L at Kuenster Creek 
during water year 1992 (Graczyk and o*hers,
1993). The minimum dissolved-oxygen was 0 
mg/L at Rattlesnake Creek during water year 1992 
(Graczyk and others, 1993).

Streamwater at the sites had disso'ved- 
oxygen concentrations below the State standards 
at some time during 1990-93 (Corsi and others,
1994). Dissolved-oxygen concentration remained 
above the lower limit of the alternative standards (5 
mg/L more than 5 percent of the time) at the 4 cold- 
water streams from 1990-93 (fig. 3). The dis 
solved-oxygen concentration was 5 mg/L or less 
for about 2 percent of the days monitored. How 
ever, concentrations were frequently ler^ than the 
upper limit of 9 mg/L for 50 percent of the time. The 
dissolved-oxygen concentrations for 50 percent of 
the time ranged from 7.7 mg/L at Black Earth 
Creek at County Trunk P to 8.1 mg/L at Garfoot 
Creek at Garfoot Road (fig. 3).

10 Evaluation of Nonpoint-Source Contamination, Wisconsin: Land-Use and Best-Management-Practices Inventory, Selected Streamwat«r-Quality Data, 
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PROBABILITY OF CONCENTRATION BEING EQUALED OR EXCEEDED

Figure 3. Distribution of percentage of time that dissolved-oxygen concentrations were equaled 
or exceeded at coldwater streams, water years 1990-93.

Dissolved-oxygen duration curves for the 
three Black Earth Creek stations had the same 
shape, but the curve for Garfoot Creek was consid 
erably different. All four sites are considered to be 
representative of coldwater streams. The differ 
ence in shape may result from a difference in bio 
logical productivity. Black Earth Creek is capable of 
supporting more plant biomass than Garfoot Creek 
(Madsen, 1986); thus, fluctuations in dissolved- 
oxygen concentration because of respiration and 
photosynthesis would be more extreme in Black 
Earth Creek (fig. 3). This may account for the dif 
ference in the shape of the dissolved-oxygen dura 
tion curves.

Monitoring Activities in Water Year 1995

The following water-quality-monitoring activi 
ties are planned for water year 1995:

1. Continue collection of stormflow sampfes for 
determination of suspended-solids or sus 
pended-sediment and total phosphorus loads 
and yields. Data collection may be scaled back 
at some sites if installation of BMP's in the 
watersheds has not begun. Intensive data col 
lection can begin again once a sufficient num 
ber of BMP's have been installed.

2. Continue dissolved-oxygen monitoring at the 
seven sites and analyze data for the coldwater 
sites. The coldwater sites are in the water 
sheds where most of the BMP's have been 
installed. Available data may be suffic'snt at 
the end of water year 1995 to determine 
whether dissolved-oxygen concentrations 
have changed as a result of the BMP imple 
mentation.

Selected Streamwater-Qua'ity Data 11



URBAN-WATERSHED QUALITY 
ASSURANCE AND QUALITY CONTROL

The quality-assurance/quality-control 
(QA/QC) plan for the urban watershed-manage 
ment evaluation monitoring sites was defined pre 
viously by Corsi and others (1994). The field 
procedures, sample processing, and equipment- 
cleaning procedures during water year 1994 also 
were outlined by Corsi and others (1994).

Blank Samples for Inorganic Constituents

The QA/QC plan for the urban watershed- 
management evaluation monitoring program 
during water year 1994 consisted of a series of 
blank samples collected from Milli-Q (analyte-free) 
water, which were passed through the automatic 
sampling system used in sample collection and 
processing of streamwater samples from urban 
sites. In water year 1994, data from blank samples 
indicated contamination from two parts of the 
sample-processing system: the automatic sampler 
and splitter and the filtration system. Two types of 
samples were used for this purpose: the "cumula 
tive splitter blank" and the "cumulative filter blank." 
The cumulative splitter blanks consist of reagent 
water that has been through the automatic sam 
pling system and the chum splitter. The cumulative 
filter blanks consist of reagent water that has been 
run through the automatic sampling system, 
poured into the churn splitter, and filtered. A 
detailed description of the protocol for blank sam 
ples is outlined in Corsi and others (1994). Blank 
samples are analyzed for the same constituents as 
streamwater samples.

Blank samples were collected on six different 
days during April 1994 through October 1994 at 
Monroe Street Detention Pond and Lincoln Creek. 
All six samples at both sites included a cumulative 
splitter blank and a cumulative filter blank.

Sample Contamination

Most constituents in most of the blank sam 
ples were not found at concentrations above 
detectable limits; however, a few constituents were 
detected. Dissolved chloride was detected in all six 
samples at Lincoln Creek, ranging from 0.4 to 1.9 
mg/L. Dissolved chloride was detected in three of 
the six samples at Monroe Street Detention Pond,

ranging from 0.8 to 9.8 mg/L. Concentrations of 
chloride contamination are significant with respect 
to some of the water samples from Monroe Street 
Detention Pond and Lincoln Creek, which ranged 
from 1.9 to 4,330 mg/L.

Alkalinity was detected between 1 and 3 mg/L 
for all blank samples at Lincoln Creek and Monroe 
Street Detention Pond. Concentrations o* alkalinity 
in water samples from Monroe Street Detention 
Pond ranged from 20 to 68 mg/L during 1994, 
whereas concentrations in water samples from 
Lincoln Creek ranged from 53 to 207 mc/L. The 
levels of contamination are relatively low in com 
parison to concentrations found in water samples 
from Monroe Street Detention Pond and Lincoln 
Creek but still are probably unacceptable.

Biochemical oxygen demand (BOD) was 
detected in three of the six blank sampler at 
Monroe Street Detention Pond and five of the six 
blank samples at Lincoln Creek. Concentrations 
ranged from 0.5 to 1.7 mg/L. Concentrates of 
BOD in water samples from Monroe Street Deten 
tion Pond and Lincoln Creek ranged fron 1.5 to 
110 mg/L during water year 1994. Concentration of 
BOD in the blank water is quite high in comparison 
to concentrations in some of the water samples.

Dissolved chloride, alkalinity, and BOD were 
clearly being introduced from a systematic 
source(s) of contamination. By comparing the con 
centrations found in blank samples to the concen 
trations found in water samples, one can conclude 
that lower concentrations of dissolved ch'oride, 
alkalinity, and BOD in water samples fron Monroe 
Street Detention Pond and Lincoln Cree^ may be 
unreliable, whereas higher concentration^ of these 
constituents in water samples are probably not 
adversely affected by contamination.

A few incidents of random contamination also 
were noted in the blank samples. Specific conduc 
tance was generally below 10 fiS/cm in the blank 
samples, but two of six samples at the Monroe 
Street Detention Pond had specific conductances 
of 44 and 27 fiS/cm, and one of six samp fes at Lin 
coln Creek had a specific conductance of 25 
fiS/cm. Total recoverable zinc was near or below 
the limit of detection (10 ^ig/L) in the blank samples 
except for one of six samples at Lincoln Creek,

12 Evaluation of Nonpoint-Source Contamination, Wisconsin: Land-Use and Best-Management-Practices Inventory, Selected Streamwate'-Quality Data, 
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which contained 130 ^ig/L. Dissolved calcium, dis 
solved magnesium, and dissolved hardness were 
found to be below the limits of detections of 1.0 and 
6.0 mg/L, respectively, except for one of six sam 
ples at the Monroe Street Detention Pond. In this 
sample, dissolved calcium was detected at 50 
mg/L, dissolved magnesium at 31 mg/L, and dis 
solved hardness at 250 mg/L. The levels of spe 
cific conductance and elevated concentrations of 
total recoverable zinc, dissolved calcium, dis 
solved magnesium, and dissolved hardness in 
blank samples appear to be random and not attrib 
utable to any given site or time period. Water- 
sample data for these constituents and properties 
at Monroe Street Detention Pond and Lincoln 
Creek during water year 1994 are probably not 
adversely affected by contamination.

Monitoring Activities in Water Year 1995

The following urban QA/QC activities are 
planned for water year 1995:

1. Attempt to determine the source or sources of 
dissolved chloride, alkalinity, and BOD in blank 
samples. If the source or sources are found, 
appropriate measures can be taken to ensure 
that future contamination is minimized.

2. Continue to collect blank samples monthly dur 
ing the sampling season (March through 
November). The protocols for collecting blank 
samples will remain the same as outlined pre 
viously (Corsi and others, 1994) unless it is 
determined that changing these protocols will 
reduce contamination in future blank samples 
and ambient water samples. Bottle washing, 
sampling, sample splitting, and filtration will 
also continue in accordance with protocols out 
lined previously (Corsi and others, 1994) 
unless it is determined that changing these 
protocols will reduce contamination in future 
samples.

ANALYSIS OF CONSTITUENT LOADS 
IN RURAL STREAMS BEFORE 
INSTALLATION OF BEST-MANAGEMENT- 
PRACTICES

The goal of the evaluation monitoring program 
is to determine if the implementation of BMP's has

resulted in an improvement in the water quality of 
streams receiving agricultural runoff. Previous 
research has identified an appropriate statistical 
approach that can be used to determine if statisti 
cally significant changes have occurred (Walker, 
1994). The general approach is to compare con 
stituent loads in storm runoff for pre-BMP condi 
tions to constituent loads in storm runoff far post- 
BMP conditions. Because of the substantial vari 
ability in constituent loads, regression analyses 
are used to account for some of the natural vari 
ability of the constituent loads and to improve the 
chances of detecting a statistically significant dif 
ference between pre- and post-BMP conditions.

The purpose of this section of the report is to 
explore preliminary regressions for pre-Blv^ con 
ditions for the rural streams and to assess the like 
lihood of detecting changes in the individual 
watersheds. Data for two of the rural streams, 
Brewery and Garfoot Creeks, were not used in the 
analysis because those watersheds are in t^e tran 
sitional period; preliminary results for these 
streams are presented in Walker and Graczyk 
(1993). A third rural stream, Kuenster Cree 1^ was 
not used because sufficient constituent-load data 
were not available. Constituent-load data cc"ected 
through water year 1993 for the remaining five 
rural streams were included in the regression anal 
ysis, which was limited to suspended-solids and 
total-phosphorus loads in storm runoff.

Regression analyses require specification of a 
dependent variable and a set of independent vari 
ables thought to control the variability of the 
dependent variable. For this report, separate anal 
yses were done with loads of suspended solids 
and total phosphorus chosen as dependent vari 
ables. Measures related to precipitation and time 
were chosen as independent variables because 
these were felt to be free from any changes that 
may be induced through the installation of BMP's. 
Several primary precipitation measures were com 
puted for individual storms: total rainfall, 15- and 
30-minute maximum rainfall intensities, and the 
Universal Soil Loss Equation (USLE) erosivity 
index (Wischmeier and Smith, 1978). Antecedent 
precipitation measures were computed as the total 
rainfall occurring 1, 3, 5 and 7 days before the 
beginning of each individual stormflow period.

Analysis of Constituent Loads in Rural Streams Before Installation of Best-Management-Practices 13



Two periodic terms were computed to allow for 
the possibility of cyclical processes; the two terms 
were cos(27c T/365.25) and sin(27c T/365.25), 
where T is the beginning date of the storm, 
expressed as the number of years since 1904, and 
cos() and sin() are the trigonometric cosine and 
sine functions, respectively. In some instances, the 
data were divided into three seasonal groups 
(spring, summer, fall/winter). In other instances, 
the data were divided into two groups on the basis 
of U.S. Soil Conservation Service (SCS) definition 
of antecedent moisture conditions (AMC), summa 
rized in table 4. For all the streams, the growing 
season was defined as June 1 through September 
30.

For Eagle Creek, two groups of data were 
defined on the basis of SCS AMC criteria. Group 1 
corresponds to SCS AMC I, and group 2 corre 
sponds to SCS AMC II (table 4). For Joos Valley 
Creek, the SCS AMC criteria were used to define 
two preliminary groups of data. Group 1 (SCS 
AMC I) was further subdivided into three sub 
groups: (1a), spring stormflow periods; (1b), 
summer stormflow periods when the 3-day ante 
cedent precipitation was less than 0.3 in.; and (1c), 
summer stormflow periods when the 3-day ante 
cedent precipitation was greater than 0.3 in. Group 
2 represents SCS AMC II. For Bower Creek and 
Otter Creek, three seasonal groups were defined 
on the basis of starting date of each stormflow 
period. For Rattlesnake Creek, the SCS AMC cri 
teria were used as with Eagle and Joos Valley 
Creeks and to define two preliminary groups of 
data. The first group (SCS AMC I) was further sub 
divided into two subgroups: (1a), stormflow peri- 

Table 4. Definition of Soil Conservation Service 
antecedent moisture conditions 
[Modified from U.S. Soil Conservation Service 1972: 
AP5 = total precipitation for previous 5 days; <, less than; 
>, greater than; in., inch]

Antecedent
moisture 
condition

[ 

II

Growing season

Dormant

AP5 < 0.5 in. 
AP5 > 0.5 in.

Active

AP5 < 1 .4 in. 

AP5 > 1.4 in.

'Active growing season is June 1 through 
September 30.

ods when the 7-day antecedent precipi*ation was 
less than 0.6 in.; and (1b), stormflow periods when 
the 7-day antecedent precipitation was greater 
than 0.6 in. Group 2 represents SCS AMC II.

Stepwise regression equations for suspended 
solids and total phosphorus were computed for 
each of the five rural streams. Separate regression 
equations were determined for each subgroup of 
data identified previously. In many case^, a few 
anomalously large constituent loads we re 
removed from the data set to allow for a reason 
able fit of the regression equation to the data. 
(These loads were so large that they cc uld not be 
explained by any of the independent variables.) 
One possible explanation for the anomalous loads 
is a storage component to the sediment delivery 
process; during some high streamflows, the veloc 
ity of the streamwater may exceed a crifcal thresh 
old and begin to scour the channel. Add'tional 
research is needed to define appropriate indepen 
dent variables to bring the large loads bs ck into the 
regressions.

The resulting regressions are summarized for 
loads of suspended solids and total phosphorus in 
tables 5 and 6. For most regressions, one indepen 
dent variable explained most of the variability in 
the loads; in other cases, a second independent 
variable was used to increase the precision of the 
regression equation. In some regression^, an inde 
pendent variable equal to the sum of total precipi 
tation and one of the antecedent precip;tation 
measures was used. This variable proved to be the 
most effective single variable for explaining the 
variability in constituent loads for some streams.

Two measures are used to indicate the ability 
of the regression equation to explain the variability 
of the constituent loads: R2 , the portion of the total 
variability in the dependent variable that is 
explained by the independent variables in the 
equation, and the standard error of the regression, 
reported as a percentage of the mean value of the 
dependent variable. (The standard error is basi 
cally a measure of the variability of the regression 
residuals, which indicates the variability remaining 
in the dependent variable.) Previous we rk by 
Walker (1994) has indicated that the strndard 
error, expressed as percent of the mean, can be 
used as a proxy for the minimum change in condi-
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Table 5. Summary of regression results for loads of suspended solids in storm runoff
[Pt , total precipitation; El, Universal Soil Loss Equation Erosivity Index; APn , total precipitation for previous n days; 
T, starting date of stormflow period, in years since 1904; sin(), trigonometric sine function; R2 , ratio of total variance 
to variance explained by the regression]

Stream

Eagle

Joos Valley

Bower

Otter

Rattlesnake

Group3

1
2

la
Ib
Ic
2
1
2
3
1
2
3

la
Ib
2

Independent 
Sample size variables Adjusted R2

17
8
5
7
6
9
7
8

12
8
9

11
7
7
7

Pt+AP3 , AP,
Pt
Pt2

El
Pt+AP,
Pt2

El
AP7 ,AP3
Pt,EI
Pt
El, sin(2rcT/365.25)
Pt
El
AP,
El

0.88
.77
.93
.58
.82
.82
.77
.86
.82
.94
.56
.27
.85
.87
.9

Standard 
errorb

48
43
20
55
42
52
60
62
68
16
83
67
49
32
51

aFor Eagle, Joos Valley, and Rattlesnake, group 1 represents U.S. Soil Conservation Service (SCS) ante 
cedent moisture condition (AMC) I; group 2 represents SCS AMC II. For Bower and Otter, groups 1-3 are 
defined on the basis of season. Letters after group numbers represent further subdivision on the basis of season.

bExpressed as a percentage of the average suspended-solids storm runoff load.

Table 6. Summary of regression results for loads of total phosphorus in storm runoff
[Pt = total precipitation; El = USLE Erosivity Index; APn = total precipitation for previous n-days; 115 = 15-minute max 
imum precipitation intensity; T = starting date of stormflow period, in years since 1904; cos() = trigonometric cosine 
function; R , ratio of total variance to variance explained by the regression]

Stream

Eagle

Joos Valley

Bower

Otter

Rattlesnake

Group3

1
2

la
Ib
Ic
2
1
2
3
1
2
3

la
Ib
2

Independent 
Sample size variables

17
8
5
7
6
9
7
7

12
8
9

11
7
7
7

Pt+AP3 , AP,
Pt+AP3
Pt2

AP,,AP5
Pt+AP,
Pt2 , cos(27cT/365.25)
Pt
AP7 , AP3
Pt,EI
Pt
El, 1,5
Pt , AP7
El, 1,5
AP,
El

Adjusted R2

0.84
.74
.90
.98
.93
.94
.86
.68
.81
.85
.72
.33
.89
.73
.90

Standard 
errorb

52
47
19
26
26
28
37
76
60
26
62
52
47
40
45

aFor Eagle, Joos Valley, and Rattlesnake, group 1 represents U.S. Soil Conservation Service (SCS) ante 
cedent moisture condition (AMC) I; group 2 represents SCS AMC II. For Bower and Otter, groups 1-3 are 
defined on the basis of season. Letters after group numbers represent further subdivision on the basis of season. 

Expressed as a percentage of the average suspended-solids storm runoff load.
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tions before and after BMP installation that would 
be statistically significant. Experience from the pre 
liminary results from the Black Earth Creek priority 
watershed (Walker and Graczyk, 1993) indicates 
that the minimum detectable change could be 
somewhat less than the pre-BMP standard error of 
regression.

The results for Eagle Creek indicate that a 
change of 40 to 50 percent in suspended-solids 
and total-phosphorus stormflow load could be 
detected with a statistical test. For Joos Valley 
Creek, a change in suspended-solids stormflow 
load would have to be 20 to 50 percent to be 
detected; the results for total phosphorus are 
somewhat less restrictive (20 to 30 percent). For 
Bower Creek, a change in suspended-solids and 
total-phosphorus load of 40 to 70 percent would be 
needed to be statistically significant. For Otter 
Creek, a change in suspended-solids stormflow 
load would have to be 20 to 80 percent to be sta 
tistically significant; the results for total phosphorus 
are less restrictive (30 to 60 percent). Finally, for 
Rattlesnake Creek, a change in suspended-solids 
and total-phosphorus stormflow load of 30 to 50 
percent would probably be detected with a statisti 
cal test. For each site, the reported figures for 
potential minimum detectable change should be 
considered in the context of the potential for BMP 
implementation in the corresponding watershed to 
achieve the minimum levels of change.

For all the sites, the figures reported for mini 
mum detectable change could potentially 
decrease as the regression relations are further 
refined. More sophisticated statistical techniques 
could be used to divide the data into groups that 
behave similarly, and additional research may 
reveal better ways to incorporate the antecedent 
precipitation measures into the regressions. On 
the other hand, the reported figures for minimum 
detectable change could potentially increase as 
the few anomalously large loads are brought back 
into the data sets.

ANALYSIS OF SNOWMELT RUNOFF

Snowmelt runoff periods are frequent in Wis 
consin during the winter and early spring months. 
As a result, a significant portion of the annual load

can occur during these months. A determination of 
whether the concentration and load are different 
for snowmelt runoff than for storm runo* would 
greatly enhance the ability of planners to design 
and develop BMP's because BMP's could then be 
targeted toward the types of runoff that contribute 
significant proportions of the annual load.

The purpose of this section of the report is to 
determine whether the event mean concentrations 
(EMC's) and runoff loads of suspended solids and 
total phosphorus are different for snownelt and 
storm runoff periods in rural and urban areas. 
Rural snowmelt runoff data are compared to rural 
storm runoff data, and urban snowmelt runoff data 
are compared to urban storm runoff data.

For the purpose of this analysis, snowmelt 
runoff periods are defined as periods where snow 
is still present on the ground. This definition 
includes not only "pure" snowmelt but also rain-on- 
snow runoff. An attempt was made to separate the 
snowmelt runoff types, but the resulting sample 
size was too small for reliable statistical analyses. 
The analysis was limited to sites where more than 
five snowmelt runoff periods were samp'ed. Data 
for all evaluation monitoring sites except Joos 
Valley Creek, Eagle Creek, and Lincoln Creek 
were used.

Runoff loads for rural and urban evaluation 
monitoring sites have been computed for runoff 
periods from 1984-93. To determine if a runoff 
period was rainfall induced or snowmelt induced, 
field notes were consulted and a rainfall-runoff 
analysis was done. Field notes were considered to 
be the more reliable of the two indicators because 
they were made during or just after the runoff 
occurred. The rainfall-runoff analysis was used if 
field notes were not conclusive as to the type of 
runoff. If the hydrograph increased without an 
associated rainfall, then the runoff was "pure" 
snowmelt. If the rainfall produced higher runoff vol 
umes than expected and climatological data indi 
cated snow cover, then the runoff was classified as 
rain on snow.

Event-mean concentrations (EMC'r) and con 
stituent loads for suspended solids and total phos 
phorus are plotted in figures 4 and 5. TM Mann- 
Whitney U test was used to determine whether a
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statistically significant difference between constitu 
ent concentration and loads in snowmelt and storm 
runoff could be detected. If statistically significant 
differences at the 5 percent level were found 
between either the rainfall or snowmelt runoff 
EMC's or loads, the type of runoff with the greater 
EMC or load is shown in bold type (R or SM) in fig 
ures 4 and 5.

Three general observations could be made 
regarding the rural data. First, median loads of 
suspended solids and total phosphorus tend to be 
higher for snowmelt runoff than loads for rainfall 
storm runoff. Second, at sites where a statistically 
significant difference was found between snow- 
melt and rainfall storm load, the snowmelt load is 
greater than the rainfall load. Third, snowmelt data 
are visually less variable than rainfall data.

Four general observations could be made 
regarding the urban data. First, median loads of 
suspended solids and total phosphorus for snow- 
melt runoff tend to be lower than loads for rainfall 
storm runoff. Second, median snowmelt concen 
trations of suspended solids and total phosphorus 
tend to be lower than median rainfall concentra 
tions. Third, at sites where a statistically significant 
difference was found between snowmelt and rain 
fall load, the rainfall load is greater than the snow- 
melt load. Fourth, snowmelt data are visually less 
variable than rainfall data.

The large median loads for snowmelt in rural 
areas indicate that (1) snowmelt runoff periods 
could be of importance in the design of BMP's and 
(2) models that are designed to estimate annual 
loads would be most representative if they incorpo 
rate snowmelt functions. The lower urban snow- 
melt loads, however, can still be a problem. As 
suggested by Battaglia (1976), detrimental effects 
to the receiving water can be increased because of 
the low flows of the receiving waters during the 
winter months.

SUMMARY AND CONCLUSIONS

This report is an annual summary of the data 
collected for the Wisconsin watershed-manage 
ment evaluation monitoring program and a presen 
tation of the results from several different detailed 
analyses conducted within this program.

A land use and best-management-practice 
inventory is ongoing for each evaluation monitor 
ing project to track the sources of nonpoint pollu 
tion in each watershed. Information is being 
gathered from the county Land Conservation Dis 
tricts, the county highway commissions, the Wis 
consin Department of Transportation, and the U.S. 
Soil Conservation Service. This information is 
mapped and stored in a geographic-information- 
system data base. Each year, the informetion for 
each watershed is reviewed and updated.

Water-quality data collection efforts from eight 
rural sites and four urban sites are summarized. 
Annual loads and yields for suspended sediment 
and total phosphorus were computed for the rural 
sites. For all sites, the annual suspended-sediment 
or suspended-solids load for water year 1993 
exceeded the average for the period of data collec 
tion (see table 1 for data collection period-); the 
minimum annual loads were transported in either 
water year 1991 or 1992.

Continuous dissolved-oxygen data w^re col 
lected at seven rural sites during water year 1994. 
Data for water years 1990-93 are summarized and 
plotted in terms of percentage of time that a partic 
ular concentration is equaled or exceeded- Con 
centrations in all the coldwater streams w^re less 
than 9 mg/L at least 50 percent of the time, a con 
dition that fails to meet a suggested criterion for 
coldwater streams. The dissolved-oxygen proba 
bility distribution curve for one of the coldwater 
streams has a markedly different shape than the 
curves for the other streams, perhaps because of 
differences in aquatic biomass among the four 
coldwater streams.

Blank quality-assurance samples were col 
lected at two of the urban evaluation monitoring 
sites. The sampling protocol was designed to iso 
late contamination from the sample bottle, the 
automatic sampler and splitter, and the filtration 
system. Contamination was found for dissolved 
chloride, alkalinity, and biochemical oxygen 
demand. The level of contamination may be large 
enough to adversely affect data for water ramples 
in which these analytes are at low concentration. 
Further investigation is being done to determine 
the source of contamination and to attempt to cor 
rect the problem.

Summary and Conclusions 17
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A preliminary regression analysis was done 
for the rural sites using data collected from water 
years 1989-93 to estimate what level of water- 
quality change before and after BMP installation 
could be statistically detected. Suspended-solids 
and total-phosphorus loads were used as depen 
dent variables, and various precipitation-related 
measures were used as independent variables. 
Dividing the data sets into groups based on time of 
year and antecedent precipitation greatly improved 
the regressions. The results indicate that, for most 
sites, changes in constituent load on the order of 
40 to 50 percent would be detected with a statisti 
cal test. For two sites, the change would have to be 
60 to 70 percent to be detected.

A detailed comparison of snowmelt and storm 
runoff periods in urban and rural areas was done 
using data from water years 1985-93. For the rural 
sites where statistically significant differences 
were found between snowmelt and rainfall, the 
snowmelt load is greater than the rainfall load for 
suspended solids and total phosphorus. In addi 
tion, the snowmelt loads for rural areas tended to 
be less variable than the rainfall loads. For the 
urban sites where statistically significant differ 
ences were found between snowmelt and rainfall 
loads, the rainfall load is greater than the snowmelt 
load for both constituents considered. The impor 
tance of including snowmelt runoff in designing 
and analyzing the effects of BMP's on streamwater 
quality, particularly in rural areas, is further empha 
sized by these results.
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